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Lactobacillus sakei ST22Ch, ST153Ch and ST154Ch were isolated from traditional pork product from
Northwest of Portugal, and identiﬁed based on API50CHL, PCR with speciﬁc primers and 16s rDNA
sequencing. RAPD-PCR analysis showed signiﬁcant differences between isolates. The selected isolates
inhibited the growth of Enterococcus spp., Listeria spp., Escherichia coli, Klebsiella spp., Pseudomonas spp.,
Staphylococcus spp., and Streptococcus spp. The mode of action of the bacteriocins was bactericidal, as
observed against Enterococcus faecium. A reduction in antimicrobial activity was recorded after treatment
of the bacteriocins with proteolytic enzymes, but not when they were exposed in presence of a-amylase,
suggesting that they are not glycosylated. Maximal activity of bacteriocins was recorded during the early
stationary phase and remained stable only for a short period, followed by a decrease. According to
tricine/SDS-PAGE, the size of bacteriocins ST22Ch, ST153Ch and ST154Ch are approximately 3.0 kDa,
10.0 kDa and 3.0 kDa, respectively. Bacteriocins were heat tolerant and remained active after 2 h at
100 C. Activity of bacteriocins was not affected by treatment with 1% Triton X-100, Tween 20, Tween 80,
SDS, NaCl, urea and EDTA. In presence of 1% Triton X-114 bacteriocins were inactivated. PCR reactions
targeting genes for enterocin A, enterocin P, sakacin P, sakacin G1 and sakacin G2 in the total DNA of
L. sakei ST22Ch, ST153Ch and ST154Ch, generated positive results. Curvacin A gene was detected only in
L. sakei ST154Ch DNA.
 2012 Elsevier Ltd. Open aczcess under the Elsevier OA license.1. Introduction
Consumption of fermentedmeat products is essential part of the
diet in the Iberian Peninsula in Europe. However, besides contrib-
uting to the gastronomic characteristics of these products,
fermentation is one of the oldest ways to preserve meat and meat
products. Salpicao (in Portuguese “salpicão”) is the traditional fer-
mented cured/smoked sausage prepared from pork ﬁlet using salt,
white or red wine, garlic and chili pepper produced in Portugal.
Generally fermentation takes 8 days.ulo, Faculdade de Ciências
ão Experimental, Laboratório
580 Bloco 14, 05508-000 São
3815 4410.
).
r OA license.Lactic acid bacteria (LAB) are known for their production of
antimicrobial compounds, including bacteriocins or bacteriocin-
like peptides (Todorov, 2009). Bacteriocins of LAB are deﬁned as
ribosomally synthesized proteins or protein complexes usually
antagonistic to genetically closely related organisms (Nes &
Johnsborg, 2004). They are generally low molecular weight
proteins that gain entry into target cells by binding to cell surface
receptors. Their bactericidal mechanism varies and may include
pore formation, degradation of cellular DNA, disruption through
speciﬁc cleavage of 16S rDNA, and inhibition of peptidoglycan
syntesis (Heu et al., 2001).
Recently, according to a complete genome analysis, it was
proposed that strains of Lactobacillus sakei can be used to control
pathogens in meat because the species’ metabolism is particularly
well adapted to a meat medium. Lactobacillus species represent
the dominant LAB strains currently found in meat starter cultures
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isolates from meat are often bacteriocinogenic. Up to now, several
bacteriocins are known to be produced by L. sakei strains and their
potential application in meat preservation has been studied.
Examples are: curvacin A (Tichaczek, Nisen-Meyer, Nes, Vogel, &
Hammes, 1992) identical to sakacin A (Shillinger & Lücke, 1989);
sakacin P (Aasen et al., 2003; Tichaczek, Vogel, & Hammes, 1994;
Urso, Rantsiou, Cantoni, Comi, & Cocolin, 2006) identical to
bavaricin A (Larsen, Vogensen, & Josephsen, 1993); sakacin 674
(Holck, Axelsson, Hühne, & Kröckel, 1994), sakacin B (Samelis,
Roller, & Metaxopolos, 1994), sakacin K (Hugas, Pages, Garriga, &
Monfort, 1998), sakacin V18 (Cintas, Casaus, Fernandez, &
Hernandez, 1998) and sakacin M (Sobrino et al., 1992) identical
to lactocin S (Mortvedt, Nissen-Meyer, Sletten, & Nes, 1991);
bavaricin MN (Kaiser & Montville, 1996), sakacin T (Aymerich
et al., 1996), sakacin G (Simon, Fremaux, Cenatiempo, &
Berjeaud, 2002), sakacin X (Vaughan, Eijsink, & Van Sinderen,
2003), sakacin Q (Mathiesen, Huehne, Kroeckel, Axelsson, &
Eijsink, 2005) and sakacin 1 (Alves, Martinez, Lavrador, & De
Martinis, 2006). All sakacins possess strong antilisterial activity
and most of them belong to the Class IIa bacteriocins
(Klaenhammer, 1988).
Recent approaches in the preservation of meat products are
increasingly directed towards biocontrol using bacteriocinogenic
Lactobacillus strains as protective microbiota to inhibit growth of
Listeria monocytogenes and other undesired microorganisms
(Castellano, Holzapfel, & Vignolo, 2004; Hugas et al., 1998;
Mataragas, Metaxopoulos, Galiotou, & Drosinos, 2003).
Bacteriocin production does not always correlate with the
increase in cell mass or growth rate of the producer strain
(Bogovic-Matijasic & Rogelj, 1998). Higher bacteriocin levels are
often recorded in the absence of growth stimulating nutrients, or
at temperatures and pH conditions lower than required for
optimal growth (Aasen, Moreto, Katla, Axelsson, & Storro, 2000;
Krier, Revol-Junelles, & Germain, 1998; Matsusaki, Endo,
Sonomoto, & Ishizaki, 1996; Todorov, Gotcheva, Dousset, Onno,
& Ivanova, 2000). Optimal bacteriocin production is often recor-
ded in medium with limiting concentrations of sugars, nitrogen
sources, vitamins and potassium-phosphate, or when the
medium pH is regulated (Vignolo, Dekairuz, Holgado, & Oliver,
1995).
Studies conducted on bacteriocins from different other LAB, e.g.
pediocin PD-1 (Nel, Bauer, Vandamme, & Dicks, 2001), sakacin P
(Aasen et al., 2000), and bacteriocins produced by Leuconostoc
mesenteroides L124 (Mataragas et al., 2003) have suggested that
production is often regulated by growth pH and temperature. In
some cases, higher bacteriocin activity has been recorded at sub-
optimal growth conditions (Aasen et al., 2000; Bogovic-Matijasic
& Rogelj, 1998; Krier et al., 1998; Matsusaki et al., 1996; Todorov
et al., 2000).
Little is known about the microbial population of Salpicao. In
our knowledge we are the ﬁrst reporting on the isolation of
bacteriocinogenic L. sakei strains from Salpicao. In this study, we
report on the isolation of bacteriocin-producing strains from
different samples of Salpicao produced by “Fumeiro do
Laboreiro”, North-West of Portugal. The strains have been iden-
tiﬁed to species level, the bacteriocins have been characterized,
the mode of activity has been studied and levels of production
have been determined in model media and different growth
media.
The objective of this study was to characterize bacteriocins
ST22Ch, ST153Ch and ST154Ch, produced by L. sakei strains
ST22Ch, ST153Ch and ST154Ch isolated from Salpicao, with the aim
of using the strain as co-starter bioprotective cultures in meat
fermentation.2. Materials and methods
2.1. Isolation of lactic acid bacteria and screening for bacteriocin
activity
Samples of 50 g Salpicao obtained from the “Fumeiro do
Laboreiro” (Portugal), were macerated in a Stomacher (BagMixer,
Interscience, Weymouth, USA) for 10 min at 20 C. Serial dilu-
tions of the sample were made with sterile saline (0.85%, w/v
NaCl), plated onto MRS agar (Difco) and incubated at 30 C for
24 h.
Screening for bacteriocin-producing isolates was carried out
according to the triple-agar-layer method described by Todorov
and Dicks (2005b). The second layer of agar (1.7%, w/v) was
supplemented with 50.0 mg/l Actidion (Sigma) to prevent fungal
growth. All plates were incubated at 30 C for 24 h. Colonies were
then overlaid with a third layer of 1% (w/v) Brain Heart Infusion
(BHI) agar (Difco), seeded with 106 CFU/ml Enterococcus faecium
ATCC 19443, L. sakei ATCC 15521 and Listeria ivanovii subsp. iva-
novii ATCC 19119, respectively. The plates were incubated at 37 C
for 24 h. Colonies with the largest zones of growth inhibition
were isolated, inoculated into MRS broth (Difco) and incubated
for 24 h at 30 C. Pure cultures were obtained by streaking onto
MRS agar.
Antimicrobial activity was conﬁrmed by using the
agar-spot-test method (Todorov, 2008). Activity was
expressed as arbitrary units (AU) per ml, with one AU
deﬁned as the highest dilution showing a clear zone of
inhibition (Todorov, 2008). E. faecium ATCC 19443 was
used as a sensitive test strain.
2.2. Identiﬁcation of strains ST22Ch, ST153Ch and ST154Ch
Morphology of strains ST22Ch, ST153Ch and ST154Ch was
determined by using an AFM e EasyScan II from Nanosurf
(Switzerland) according to Meincken and Todorov (2009).
Identiﬁcation was conducted by physiological and biochemical
tests (Stiles & Holzapfel, 1997). Carbohydrate fermentation reac-
tions were recorded by using API50CHL (Biomérieux, Marcy-
I’Etiole, France). Identiﬁcation to species level was by PCR with
primers speciﬁc for L. sakei (Ls: 50-ATG AAA CTA TTA AAT TGG TAC-
30 and 16: 50-GCT GGA TCA CCT CCT TTC-30) as described by Berthier
and Ehrlich (1998). Conﬁrmation of identiﬁcation was obtained by
amplifying the genomic DNAwith primers F8 (50-CAC GGATCC AGA
CTT TGA TYM TGG CTC AG-30) and R1512 (50-GTG AAG CTTACG GYT
AGC TTG TTA CGA CTT-30), as described by Felske, Rheims,
Wolterink, Stackebrandt, and Akkermans (1997). The ampliﬁed
fragments were cleaned using SigmaSpin Post-Reaction Clean-Up
Columns (Sigma, St Louis, MO, USA), sequenced, and compared to
sequences in GenBank using BLAST (Basic Local Alignment Search
Tool).
Differentiation of the strains ST22Ch, ST153Ch and ST154Ch
was performed by random ampliﬁcation of polymorphic DNA
(RAPD) PCR. DNA was isolated according to the manufacture’s
protocol using ZR Fungal/Bacterial DNA Kit (Zymo Research,
Irvine, CA, USA). Primers OPL-02 and OPL-08 were used (Kit L of
the RAPD lomer kits, Operon Biotechnologies, Cologne,
Germany). Ampliﬁcation reactions were performed according to
Todorov, Ho, Vaz-Velho, and Dicks (2010). The ampliﬁed prod-
ucts were separated by electrophoresis in 1.4% (w/v) agarose
gels in 1 TAE buffer at 100 V for 2 h. Gels were stained in TAE
buffer containing 0.5 mg/ml ethidium bromide (Sigma Diag-
nostics, St. Louis, Mo., USA). Banding patterns were analysed
using Gel Compare, Version 4.1 (Applied Maths, Kortrijk,
Belgium).
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ST154Ch
Strains ST22Ch, ST153Ch and ST154Ch were cultured in
200 ml MRS broth (Difco) for 24 h at 30 C. The cells were
harvested (8000 g, 10 min, 4 C), the cell-free supernatant
was adjusted to pH 5.0 with 1 M NaOH, heat-treated (80 C
for 10 min) and the bacteriocins (ST22Ch, ST153Ch and
ST154Ch) precipitated at 60% ammonium sulphate. The
precipitates were re-suspended in 20 ml of 25 mM
ammonium-acetate (pH 6.5) and the amount of antimicrobial
activity determined by testing against E. faecium ATCC 19443,
as described above.
The molecular size of bacteriocins (ST22Ch, ST153Ch and
ST154Ch) was determined by tricine/SDS-PAGE (Schägger & Von
Jagow, 1987). A low molecular weight marker with sizes
ranging from 2.5 to 45.0 kDa (Amersham Bioscience Europe
GmbH, Freiburg, Germany) was used. One half of the gel was
covered with E. faecium ATCC 19433 (106 CFU/ml) imbedded in
1% (w/v) BHI agar (Difco) and incubated at 37 C for 24 h. The
other half was stained with Coomassie Brilliant Blue R (ICN
Biomedicals Inc., 1263 South Chillicothe Rd, Aurora, Ohio 44202,
USA).
2.4. Effect of enzymes, pH, detergents and temperature on
bacteriocins ST22Ch, ST153Ch and ST154Ch
One ml of a cell-free supernatant, prepared as described
before, was added to 1 mg/ml a-amylase (Sigma Diagnostics, St.
Louis, MO, USA), Proteinase K (Roche, Indianopolis, IN, USA) and
pronase (Roche), respectively. Samples were incubated at 30 C
for 30 min and then heated at 95e97 C for 5 min. In a separate
experiment the pH of 10 ml of cell-free supernatants was
adjusted to 2.0, 4.0, 6.0, 8.0 or 10.0 with 1 M HCl or 1 M NaOH and
incubated at 30 C for 1 h. Another batch of cell-free supernatants
received 10 mg/ml of Triton X-100 (BDH, BDH Chemicals Ltd,
Poole, England), Triton X-114 (Sigma), Tween 20 (Merck, Darm-
stadt, Germany), Tween 80 (Merck), NaCl (Biolab), SDS (Sigma),
urea (Merck) or EDTA (Merck), respectively, and incubated for
30 min at 30 C. The effect of temperature on bacteriocins
ST22Ch, ST153Ch and ST154Ch was determined by incubating
cell-free supernatants at 30, 37, 45, 60, 80 and 100 C for 30 min
and 2 h, respectively, and at 121 C for 20 min. The pH of all
samples was adjusted to 6.0 and bacteriocins (ST22Ch, ST153Ch
and ST154Ch) activity determined with E. faecium ATCC 19443 as
sensitive strain, as described above.
2.5. Production of bacteriocins (ST22Ch, ST153Ch and ST154Ch)
Two ml of a 24 h culture was inoculated into 100 ml MRS broth
(Difco) and incubated at 30 C. Changes in optical density (600 nm)
and pH were determined hourly for 36 h. Bacteriocins (ST22Ch,
ST153Ch and ST154) activity was determined every 3 h, as
described above.
2.6. Effect of bacteriocins ST22Ch, ST153Ch and ST154Ch on
E. faecium ATCC 19443
MRS broth (Difco) was inoculated with 1% (v/v) E. faecium
ATCC 19443 incubated for 3 h at 37 C. Twenty ml ﬁlter-
sterilized (0.22 mm ﬁlter from Millipore) cell-free supernatant
from strains ST22Ch, ST153Ch and ST154Ch, respectively, were
added to the culture (180 ml) and changes in optical density (at
600 nm) recorded every hour for 10 h.2.7. Adsorption of bacteriocins (ST22Ch, ST153Ch and ST154Ch) to
producer cells
Adsorption of the bacteriocins (ST22Ch, ST153Ch and ST154Ch)
to producer cells was studied by the method of Yang, Johnson, and
Ray (1992). An 18 h-old culture was adjusted to pH 5.0 with 1 M
NaOH, 10 ml of the cells harvested (8000 g, 15 min, 4 C) and
washed with an equal volume of sterile 0.1 M phosphate buffer (pH
6.5). The pellet was re-suspended in 10 ml 100 mM NaCl, pre-
adjusted to pH 2.0 with 1 M HCl, and stirred for 1 h at 4 C. Cells
were harvested (3000 g, 30 min, 4 C) and the cell-free super-
natant adjusted to pH 7.0 with sterile 1 M NaOH. Bacteriocin
(ST22Ch, ST153Ch and ST154Ch) activity was tested as described
above.
2.8. Effect of medium components on bacteriocin (ST22Ch, ST153Ch
and ST154Ch) production
Strains ST22Ch, ST153Ch and ST154Ch were cultured in MRS
broth (Difco) for 24 h and cells collected by centrifugation (8000
g, 15 min, 4 C). Cell were washed two times with sterile physio-
logical water (0.85% NaCl) and re-suspended in the same solution at
original volume. The cell suspensions were used for inoculation
(100 ml per 10 ml experimental media) MRS broth (De Man, Rogosa,
& Sharpe, 1960), modiﬁed as indicated in Table 4. In the ﬁrst set of
experiments, glucose was replaced with 20.0 g/l of each of the
following sugars, respectively: fructose, lactose, mannose, maltose,
saccharose, gluconate. In the next set of experiments, the meat
extract and yeast extract in MRS broth (De Man et al., 1960) were
substituted with either (a) 20.0 g/l tryptone, 20.0 g/l meat extract,
or 20.0 g/l yeast extract, (b) 12.5 g/l tryptone plus 7.5 g/l meat
extract, (c) 12.5 g/l tryptone plus 7.5 g/l yeast extract, or (d) 10 g/l
meat extract plus 10 g/l yeast extract. In a third set of experiments,
cell suspensions of strains ST22Ch, ST153Ch and ST154Ch were also
inoculated into 10 ml MRS broth (De Man et al., 1960), modiﬁed by
excluding magnesium sulphate, manganese sulphate and tri-
ammonium citrate, respectively. In a fourth set of experiments,
MRS broth (De Man et al., 1960) was supplemented with the
following: glycerol at 2.0, 5.0, 10.0 or 20.0 g/l, respectively; KH2PO4
at 2.0, 5.0, 10.0 and 20.0 g/l, respectively; K2HPO4 at 5.0, 10.0 and
20.0 g/l, respectively; cyanocobalamin (vitamin B12) at 2.0 mg/l;
thiamine (vitamin B1) at 2.0 mg/l; Leascorbic acid (vitamin C) at
2.0 mg/l; DL-6,8-thioctic acid at 2.0 mg/l; and tri-ammonium citrate
at 5.0 and 10.0 g/l, respectively. MRS broth (Difco) was adjusted to
pH 4.5, 5.0, 5.5, 6.0 and 6.5, respectively, with either 1 M NaOH or
1 M HCl. All cultures were incubated at 30 C for 24 h. In the last
experiment MRS broth (De Man et al., 1960) was supplemented
with either 0.0, 1.0, 2.0 or 5.0 g/l Tween 80. Bacteriocin (ST22Ch,
ST153Ch and ST154Ch) activity was tested against E. faecium ATCC
19443 as before. Changes of 24 h cultures in pH and OD (600 nm)
were recorded.
2.9. Biomolecular screening for presence of bacteriocin genes
Total DNA was isolated from L. sakei ST22Ch, ST153Ch and
ST154Ch using ZR Fungal/Bacterial DNA Kit (Zymo Research, Irvine,
CA, USA) according to manufacture instructions as described
before. DNA was submitted to PCR reactions to detect genes
responsible for codiﬁcation of the following bacteriocins: enterocin
A, enterocin P, enterocin B and enterocin L50B (Aymerich et al.,
1996; Cintas et al., 1998; Du Toit, Franz, Dicks, & Holzapfel, 2000),
curvacin A and sakacin P (Remiger, Ehrmann, & Vogel, 1996) and
sakacin G1 and sakacin G2 (Todorov et al., 2011) (Table 1). The PCR
reaction was composed using primers at 10 pmol/ml and conditions
applied as described previously (Aymerich et al., 1996; Cintas et al.,
Table 2
Spectrum of antimicrobial activity of bacteriocins ST22Ch, ST153Ch and ST154Ch
produced by strains of Lactobacillus sakei isolated from salpicao, a fermented meat
product of Portugal.
Test strain Bacteriocins
ST22Ch ST153Ch ST154Ch
Acinetobacter baumanii 0/1 0/1 0/1
Enterobacter cloacae 0/2 0/2 0/2
Enterococcus faecalis 0/6 0/6 1/6
Enterococcus faecium 1/3 1/3 1/3
Enterococcus mundtii 0/1 0/1 0/1
Escherichia coli 1/3 1/3 1/3
Klebsiella pneumoniae 1/4 1/4 1/4
Lactobacillus acidophilus 0/1 0/1 0/1
Lactobacillus casei 0/2 0/2 0/2
Lactobacillus curvatus 0/4 0/4 0/4
Lactobacillus delbrueckii 0/1 0/1 0/1
Lactobacillus fermentum 0/2 0/2 0/2
Lactobacillus johnsonii 0/1 0/1 0/1
Lactobacillus paracasei subsp. paracasei 0/1 0/1 0/1
Lactobacillus paraplantarum 0/1 0/1 0/1
Lactobacillus pentosus 0/3 0/3 0/3
Lactobacillus plantarum 0/8 0/8 0/8
Lactobacillus rhamnosus 1/1 0/1 1/1
Lactobacillus salivarius 0/1 0/1 0/1
Lactococcus lactis subsp. lactis 0/1 0/1 0/1
Listeria innocua 2/3 1/3 1/3
Listeria ivanovii subsp. ivanovii 1/1 1/1 1/1
Listeria monocytogenes 4/4 3/4 3/4
Table 1
Primers used for detection of bacteriocin genes.
Target gene Primer (50 e 30) Reference
Enterocin A F: GAG ATT TAT CTC CAT AAT CT
R: GTA CCA CTC ATA GTG GAA
Aymerich et al., 1996
Enterocin B F: GAA AAT GAT CAC AGA ATG CCT A
R: GTT GCA TTT AGA GTA TAC ATT TG
Du Toit et al., 2000
Enterocin P F: ATG AGA AAA AAA TTA TTT AGT TT
R: TTA ATG TCC CAT ACC TGC CAA ACC
Cintas et a., 1998
Enterocin L50B F: ATG GGA GCA ATC GCA AAA TTA
R: TAG CCA TTT TTC AAT TTG ATC
Cintas et al., 1998
Curvacin A F: GTA AAA GAA TTA AGT ATG ACA
R: TTA CAT TCC AGC TAA ACC ACT
Remiger et al., 1996
Sakacin P F: ATG GAA AAG TTT ATT GAA TTA
R: TTA TTT ATT CCA GCC AGC GTT
Remiger et al., 1996
Sakacin G1 F: TTA GAA CTA CAC TGA TCG TG
R: TGG AAG AAT GAG TAC TTG TT
Todorov et al., 2011
Sakacin G2 F: CGT TAC AAC AGA ACT TCA AG
R: TGG AAG AAT GAG TAC TTG TT
Todorov et al., 2011
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with adjustment of the annealing temperature according to spec-
iﬁcation of the primers used. The ampliﬁed products were sepa-
rated by electrophoresis on agarose gels in 1 TAE buffer. Gels were
stained in TAE buffer containing 0.5 mg/ml ethidium bromide
(Sigma Diagnostics, St. Louis, Mo., USA).Pediococcus acidilactici 0/1 0/1 0/1
Pediococcus pentosaceus 0/1 0/1 0/1
Proteus mirabilis 0/1 0/1 0/1
Pseudomonas spp. 1/3 1/3 1/3
P. aeruginosa 0/8 0/8 0/8
Salmonella spp. 0/2 0/2 0/2
Staphylococcus aureus 1/14 2/14 2/14
Streptococcus agalactiae 0/1 0/1 0/1
Streptococcus caprinus 2/2 2/2 2/2
Streptococcus macedonicus 0/1 0/1 0/1
Streptococcus pneumoniae 0/6 0/6 0/6
Streptococcus sp. 2/2 2/2 1/2
Streptococcus uberis 0/1 0/1 0/1
Number of test microorganisms sensitive to bacteriocin/total number of microor-
ganism tested.3. Results and discussion
3.1. Spectrum of antimicrobial activity
Based on the presentation of the largest inhibition zones
recorded against E. faecium ATCC 19443, L. sakei ATCC 15521 and
L. ivanovii subsp. ivanovii ATCC 19119, 3 of the 21 isolates from
Salpicao were selected for future study. The selected isolates
inhibited the growth of E. faecium ATCC 19443, L. ivanovii subsp.
ivanovii ATCC 19119 and L. monocytogenes NCTC 11944, NCTC
7973 and Scott A. The bacteriocinogenic strains (isolates ST22Ch,
ST153Ch and ST154Ch) were screened against a panel of sensi-
tive strains (Table 2). In addition, cell-free supernatants from all
3 putative bacteriocin producers, adjusted to pH 6.0, inhibited
the growth of Escherichia coli, Klebsiella pneumoniae, Pseudo-
monas spp., Staphylococcus aureus, Streptococcus caprinus and
Streptococcus sp. The bacteriocin produced by ST154Ch inhibited
growth of Enterococcus faecalis, however bacteriocins produced
by ST22Ch and ST154Ch are active against Lactobacillus rham-
nosus. None of the other strains included in the test panel
(Table 2) were sensitive to the bacteriocins produced by strains
ST22Ch, ST153Ch and St154Ch. This narrow spectrum of activity
is unique for a bacteriocin produced by L. sakei. Most of the
bacteriocins described for L. sakei are active against a much
broader range of genera and species (De Vuyst & Vandamme,
1994).Fig. 1. Agarose gels showing DNA fragments obtained after PCR with species-speciﬁc
primers. Lane 1: no DNA loaded, line 2: strain ST22Ch, lane 3: strain ST153Ch, line
4: Lactobacillus plantarum ST202Ch (negative control), lane 5: strain ST154Ch, line 6:
Lactobacillus sakei NCFB 2714T; lane M1: O’GeneRulertm 50 bp DNA Ladder
(Fermentas).3.2. Identiﬁcation of isolates ST22Ch, ST153Ch and ST154Ch
Isolates ST22Ch, ST153Ch and ST154Ch are rod-shaped, as
visualized by AFM (data not shown) and based on sugar
fermentation reactions (not shown), are 99.9% similar to L. cur-
vatus. Ampliﬁcation of genomic DNA with genus-speciﬁc primers
produced a 226 bp fragment, which corresponded in size to that
of L. sakei NCFB 2714T (Fig. 1). The 16s rDNA ampliﬁed from
isolates ST22Ch, ST153Ch and ST154Ch revealed 98% homology to
the 16S rDNA sequence of L. sakei. Isolates ST22Ch, ST153Ch and
ST154Ch are thus considered to be strains of L. sakei.RAPD-PCR analysis with primers OPL-02 and OPL-08 (Fig. 2)
showed a difference between isolates ST22Ch, ST153Ch and
ST154Ch. According to these results the 3 isolates are not replica of
the same strain.
Fig. 2. RAPD-PCR products generated with primer OPL-02 for: lane 1: strain ST22Ch, lane 2: strain ST153Ch, lane 3: strain ST154Ch, line 4: No DNA; RAPD-PCR product generated
with primer OPL-08 for: line 5: strain ST22Ch; line 6: strain ST153Ch, line 7: strain ST154Ch, line 8: No DNA; line M: O’GeneRuler 1 kb DNA Ladder (Fermentas).
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According to tricine/SDS-PAGE, bacteriocins ST22Ch, ST153Ch
and ST154Ch are approximately 3.0 kDa, 10.0 kDa and 3.0 kDa in
size, respectively (Fig. 3). This is within the size range of most
bacteriocins reported for the genus Lactobacillus (De Vuyst &
Vandamme, 1994) and for sakacin G, a 3.8 kDa bacteriocin
described for L. sakei (Simon et al., 2002).
3.4. Effect of enzymes, pH, detergents and temperature on
bacteriocins ST22Ch, ST153Ch and ST154Ch
The bacteriocins ST22Ch, ST153Ch and ST154Ch were inacti-
vated by treatment with Proteinase K, pronase, trypsin, pepsin and
papain, but not when treated with a-amylase, lipase or catalase
(Table 3). This suggested that the activity of bacteriocins ST22Ch,Fig. 3. Separation of bacteriocins ST22Ch (line B), ST153Ch (line E) and ST154Ch (line G) b
bacteriocin ST22Ch, line E for bacteriocin ST153Ch and on line F for bacteriocin ST154Ch. L
Bioscience Europe GmbH).ST153Ch and ST154Ch was not dependent on glycosylation and is
not a result of the effect of the H2O2. Similar results have been re-
ported for other bacteriocins of L. sakei (Aasen et al., 2003; Simon
et al., 2002). Leuconocin S, produced by Leuconostoc para-
mesenteroides (Lewus, Sun, & Montville, 1992) and carnocin 54,
produced by Leuconostoc carnosum (Keppler, Geisen, & Holzapfel,
1994) are examples of amylase-sensitive bacteriocins.
Bacteriocins ST22Ch, ST153Ch, ST154Ch remained stable after
incubation (30 C) at pH 4.0, 6.0, 8.0, 10.0 and 12.0 (Table 3). After
treatment of cell-free supernatants obtained from strains ST22Ch,
ST153Ch and ST154Ch at pH 2.0, only bacteriocins ST22Ch and
ST154Ch remained active (Table 3). However, treatment with Triton
X-100, Tween 20, Tween 80, SDS, NaCl, Urea, EDTA had no effect on
the activity of bacteriocins ST22Ch, ST153Ch and ST154Ch (Table 3).
Similar results were reported for bacteriocin J46 produced by Lac-
tococcus lactis subsp. cremoris (Hout, Maghrous, & Barena-Gonzalez,y SDS-PAGE. Inhibition of Enterococcus faecium ATCC 194433 is indicated on line A for
ine C represent separation of the low molecular-weight rainbow marker (Amersham
Table 3
Effect of enzymes, pH, detergents and temperature on bacteriocins ST22Ch, ST153Ch
and ST154Ch produced by strains of Lactobacillus sakei isolated from salpicao, a fer-
mented meat product of Portugal.
Bacteriocins
ST22Ch ST153Ch ST154Ch
Enzymes
a-amylase (1 mg/ml) þ þ þ
Lipase þ þ þ
Proteinase K, trypsin, pepsin, papain, Pronase   
Detergents, chemicals, protease inhibitors (1%)
Triton X-100, Tween 20, Tween 80, SDS, NaCl,
Urea, EDTA
þ þ þ
Triton X-114   
pH
pH 2.0 þ  þ
pH 4.0e10.0 þ þ þ
pH 12.0   
Temperatures
121 C (20 min)   
30, 37, 45, 60, 80, 100 C (2 h) þ þ þ
þ ¼ inhibition zone of at least 5 mm in diameter,  ¼ no inhibition zone recorded.
S.D. Todorov et al. / Food Control 30 (2013) 111e1211161996). However, plantaricin C19 produced by Lactobacillus planta-
rum C19 lost its activity after treatment with SDS or Triton X-100
(Atrih, Rekhif, Moir, Lebrihi, & Lefebvre, 2001). Treatment of
enterocin EJ97 produced by E. faecalis EJ97 (Gálvez, Valdivia, &
Abriouel, 1998), bozacin B14 produced by Lactococcus lactis subsp.
lactis B14 (Ivanova, Kabadjova, Pantev, Danova, & Dousset, 2000)
and pediocin ST18 produced by Pediococcus pentosaceus ST18
(Todorov & Dicks, 2005c) with SDS did not result in any activity loss.
Bacteriocins ST22Ch, ST153Ch and ST154Ch (pH 6.0) were heat
tolerant and remained active after 2 h at 100 C. However, treat-
ment at 121 C for 20 min resulted in the loss of activity (Table 3).
Similar results were recorded for a number of bacteriocins
produced by Lactobacillus and Enterococcus spp. (Klaenhammer,
1988; Ko & Ahn, 2000; Todorov & Dicks, 2005a; Todorov,
Wachsman, Knoetze, Meincken, & Dicks, 2005; Van Reenen,
Dicks, & Chikindas, 1998). Moreover, lactocin NK24, produced by
Lc. lactis NK24, lost 87.5% of its activity after 30 min at 100 C and
was completely inactivated after 15 min at 121 C (Lee & Paik,
2001). In the case of lactocin MMFII produced by Lc. lactis MMFII,
only 8.3% activity was recorded after 30 min at 110 C and 25% after
30 min at 80 C and 90 C (Ferchichi, Frere, Mabrouk, & Manai,
2001). Nisin, produced by Lc. lactis subsp. lactis WNC20, was inac-
tivated after 15 min at 121 C when incubated at pH 7.0, but not
when incubated at pH 3.0 (Noonpakdee, Santivarangkna,
Jumriangrit, Sonomoto, & Panyim, 2003). Bozacin B14, produced
by Lc. lactis subsp. lactis B14, was inactivated after 10 min at 90 C
(Ivanova et al., 2000).3.5. Production of bacteriocins ST22Ch, ST153Ch and ST154Ch
The cell density of L. sakei ST22Ch, ST153Ch and ST154Ch
increased from 0.1 to 5.7 (OD600) during 36 h of growth at 30 C
(Fig. 4AeC). The pH decreased from 6.4 to around 4.0, over the same
period (Fig. 4AeC). Production of bacteriocin ST22Ch increased
from 200 AU/ml after 4 h of growth to 1600 AU/ml during in the
following 19 h, stabilized for the next 5 h and decreased to 800 AU/
ml in the next 3 h and to 400 AU/ml for the rest of the fermentation
period (Fig. 4A). For bacteriocin ST153Ch 200 AU/ml were detected
at 3 h of incubation. Bacteriocin activity increased in the next 16 h
and reached maximum of 1600 AU/ml at 19 h. In the next 3 h,
bacteriocin activity remained stable and then decreased to 800 AU/
ml till the end of the fermentation period (Fig. 4B). A similar
bacteriocin production proﬁle was recorded for ST154Ch. A lowlevel of bacteriocin production was recorded at 3 h from the
beginning of the fermentation process. The highest bacteriocin
ST154Ch production (800 AU/ml) was recorded after 12 h from the
beginning and remained stable during the next 12 h. A decrease
was recorded in the next 12 h down to 400 AU/ml (Fig. 4C). Optimal
production of bacteriocins ST22Ch, ST153Ch and ST154Ch was
recorded during stationary growth, which may suggest that the
peptide is a secondary metabolite. Similar results were reported for
plantaricin ST31 (Todorov et al., 1999), bacteriocin ST26MS and
bacteriocin ST28MS (Todorov & Dicks, 2005b), bacteriocin ST8KF
(Powell, Witthuhn, Todorov, & Dicks, 2007). This is contrary to
other bacteriocins thus far described for L. plantarum (Todorov &
Dicks, 2004; Van Reenen et al., 1998; Todorov, Van Reenen, &
Dicks, 2004). The pH of the culture decreased from 6.40 to
approximately 4.3 during the ﬁrst 15 h of fermentation (Fig. 4AeC).
The pH decreased to approximately 4.1 during the following 10 h,
the period of maximum production of bacteriocins ST22Ch,
ST153Ch and ST154Ch (Fig. 4AeC). These results show that bacte-
riocins ST22Ch, ST153Ch and ST154Ch are stable at pH 4.0, as
determined with pH stability tests (Table 3). The sudden increase in
activity for bacteriocins ST22Ch and ST153Ch from 800 AU/ml to
1600 AU/ml and for bacteriocin ST154Ch from 400 AU/ml to
800 AU/ml occurred at pH 4.3 and 4.1 (Fig. 4AeC) and cannot be
ascribed to a change in culture pH. It is unlikely that such a small
change in pH could trigger a sudden release of bacteriocins ST22Ch,
ST153Ch and ST154Ch from the surface of the producer cell, as
reported by Yang et al. (1992) and Van Reenen et al. (1998). The
increase in activity could be due to the metabolism of remaining
nutrients or medium component(s) not required for cell growth.
3.6. Effect of medium components on bacteriocins ST22Ch, ST153Ch
and ST154Ch production
Bacteriocin ST22Ch was produced at 1600 AU/ml when strain
ST22Ch was grown in MRS broth supplemented with 10, 20 or 30 g/
l glucose (Table 4). The same level of activity was recorded when
glucose was replaced by 20 g/l fructose, lactose or saccharose
(Table 4). Decrease in bacteriocin ST22Ch activity was recorded in
presence of 20 g/l maltose or 20 g/l gluconate. These results suggest
that the glucose moiety of sucrose is favoured for production
(Table 4). No activity was recorded when the cells were grown in
the presence of the same concentration of 20 g/l mannose, 5 g/l
glucose or 50 g/l glucose, even when the cell growth was similar to
that obtained in presence of 20 g/l glucose, yielding the highest
activity of 1600 AU/ml.
Bacteriocins ST153Ch and ST154Ch production at 24 h was
maximal (800 AU/ml) in presence of 10, 20 or 30 g/l glucose as sole
carbon source. In presence of 20 g/l mannose bacteriocin ST154Ch
production was reduced down to 400 AU/ml. No bacteriocin
ST154Ch activity was recorded when L. sakei ST154Ch was grown in
presence of 5 g/l or 50 g/l glucose or 20 g/l fructose, maltose,
lactose, saccharose or glyconate (Table 4).
Our results show that production of bacteriocins ST22Ch,
ST153Ch and ST154Ch is stimulated by glucose. Similar results have
been reported for plantaricin UG1 (Enan, Essawy, Uyttendaele, &
Debevere, 1996), plantaricin KW30 (Kelly, Asmundson, & Huang,
1996) and plantaricin ST31 (Todorov et al., 2000).
Of all nitrogen sources tested (Table 4), yeast extract yielded
two-fold increased activity (3200 AU/ml) compared with the
control (tryptone, meat extract and yeast extract) (1600 AU/ml) for
bacteriocin ST22Ch. A combination of either tryptone and meat
extract (12.5:7.5 g/l), meat extract and yeast Extract (10.0:10.0 g/l)
or tryptone as single organic nitrogen source yielded 1600 AU/ml
(Table 4), suggesting that combination of yeast extract was required
for optimal bacteriocin ST22Ch production. For bacteriocin
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Fig. 4. [A]: Growth of Lactobacillus sakei ST22Ch and bacteriocin ST22Ch production in MRS broth (Difco). [B]: Growth of Lactobacillus sakei ST153Ch and bacteriocin ST153Ch
production in MRS broth (Difco). [C]: Growth of Lactobacillus sakei ST154Ch and bacteriocin ST154Ch production in MRS broth (Difco). Symbols: (A) ¼ growth, (:) ¼ change in pH,
(-) ¼ bacteriocin production (AU/ml). Incubation was at 30 C.
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extract (10.0:10.0 g/l) was found to be optimal for bacteriocin
production (Table 4). These results are contradictory to those re-
ported for plantaricin 423 produced by L. plantarum 423. Highest
production of plantaricin 423 was obtained in MRS broth supple-
mentedwith bacteriological peptone, followed by supplementation
with either casamino acids, tryptone or meat extract (Verellen,
Bruggeman, van Reenen, Dicks, & Vandamme, 1998). Stimulation
of bacteriocin production by meat extract has been reported for
pediocin AcH (Bhunia, Johnson, & Ray, 1988) and helveticin J
(Joerger and Klaenhammer, 1986).
MRS medium, supplemented with 1.0 g/l up to 5.0 g/l glycerol
did not affect bacteriocin ST22Ch (1600 AU/ml) production. In
contrast, bacteriocins ST153Ch and ST154Ch production wasstimulated in presence of 5.0 g/l glycerol (1600 AU/ml) (Table 4). It
was found previously that glycerol has a negative effect on
production of plantaricin ST31, in which case glycerol at 2.0 g/l and
higher resulted in a lower activity (Todorov et al., 2000). Glycerol is
not used as a carbon source and the decrease in bacteriocin
production may be due to changes in osmotic stress (Todorov &
Dicks, 2005a). This merits further research.
Little is known about the inﬂuence of potassium ions on the
production of bacteriocins (Todorov & Dicks, 2004a). Levels of 2.0 g/
l KH2PO4 are optimal for the production of bacteriocins ST22Ch
(1600 AU/ml), ST153Ch (800 AU/ml) and ST154Ch (800 AU/ml).
Replacement of KH2PO4 with 5.0 or 20.0 K2HPO4 did not affect
bacteriocin ST22Ch production. Substitution of KH2PO4 with
K2HPO4 in media formula for production of bacteriocins ST153Ch
Table 4
Effect of carbohydrates, nitrogen, potassium, glycerol, vitamins and tri-ammonium sulphate on bacteriocins ST22Ch, ST153CH and ST154CH production.
Component Concentration
(g/l)
Lactobacillus sakei ST22CH Lactobacillus sakei ST153CH Lactobacillus sakei ST154CH
pH OD Bacteriocin
activity (AU/ml)
pH OD Bacteriocin
activity (AU/ml)
pH OD Bacteriocin
activity (AU/ml)
Glucose 5.0 4.72 3.29 0 4.61 2.87 0 4.72 2.91 0
10.0 4.19 4.27 1600 4.18 4.22 800 4.16 4.50 800
20.0 4.02 4.68 1600 3.95 4.65 800 3.85 4.72 800
30.0 4.00 4.29 1600 3.99 4.10 800 3.97 4.58 800
50.0 3.99 3.31 0 3.98 3.51 0 3.95 4.62 0
Fructose 20.0 4.19 3.54 1600 4.06 2.80 0 4.02 2.71 0
Lactose 20.0 4.36 4.20 1600 4.28 4.03 0 4.21 3.95 0
Mannose 20.0 4.13 3.50 0 4.03 5.09 400 4.07 5.17 400
Maltose 20.0 4.39 4.31 800 4.35 4.06 0 4.21 4.12 0
Saccharose 20.0 4.14 5.47 1600 4.12 4.76 0 4.18 4.91 0
Glyconate 20.0 5.13 4.2 800 5.04 5.30 0 5.12 4.91 0
Tryptone 20.0 4.15 2.87 1600 4.01 3.96 200 3.98 4.01 200
Meat Extract 20.0 4.10 0.99 800 4.00 4.38 200 4.02 4.41 200
Yeast Extract 20.0 4.09 4.03 3200 4.00 4.49 400 4.00 4.52 400
Tryptone and
Meat Extract
12.5
and 7.5
4.16 4.94 1600 4.04 4.42 400 3.99 4.51 400
Tryptone and
Yeast Extract
12.5
and 7.5
4.02 3.37 800 3.95 4.20 200 3.91 4.10 200
Meat Extract and
Yeast Extract
10
and 10
4.07 3.22 1600 4.05 3.62 800 4.01 3.71 800
Glycerol 1.0 4.02 3.77 1600 3.93 3.86 800 3.90 3.90 800
2.0 4.01 2.97 1600 3.91 3.52 800 3.95 3.61 800
5.0 4.00 3.35 1600 3.93 2.79 1600 3.85 2.96 1600
10.0 4.01 5.34 800 3.92 3.91 800 3.87 3.99 800
20.0 4.03 2.94 0 3.93 3.84 800 3.88 3.91 800
KH2PO4 2.0 3.99 3.27 800 3.89 3.61 400 3.75 3.78 400
5.0 4.00 3.15 800 3.90 3.57 400 3.87 3.62 0
10.0 3.99 3.73 1600 3.95 3.81 800 3.92 3.95 800
20.0 4.04 4.21 1600 3.99 4.27 800 3.95 4.33 800
K2HPO4 2.0 4.11 4.05 1600 4.10 4.40 800 4.12 4.35 800
5.0 4.11 4.05 1600 4.10 4.40 0 4.12 4.35 0
10.0 4.27 3.90 800 4.30 4.46 0 4.28 4.62 0
20.0 4.99 3.44 1600 4.93 3.57 400 4.89 3.47 400
Cyanocobalamin (Vitamin B12) 0.002 3.97 4.15 1600 3.96 3.47 800 3.99 3.53 800
Thiamine (Vitamin B1) 0.002 3.98 4.20 1600 3.95 5.40 400 3.96 5.21 400
L-ascorbic acid (Vitamin C) 0.002 4.02 3.79 800 3.94 4.15 800 3.88 4.27 800
DL-6,8-thioctic acid 0.002 3.98 3.15 1600 3.99 4.89 0 4.01 4.72 0
Tri-ammonium citrate Free 4.01 4.15 1600 3.94 4.27 800 3.97 4.41 800
5.0 4.02 4.68 1600 3.95 4.65 800 3.92 4.69 800
10.0 5.81 4.70 3200 5.86 0.62 200 5.78 0.52 200
pH 4.5 3.74 0.99 400 3.76 3.24 0 3.59 3.18 0
pH 5.0 3.86 1.35 1600 3.87 4.48 800 3.91 4.57 800
pH 5.5 3.92 4.60 3200 3.88 4.69 800 3.82 4.61 800
pH 6.0 3.94 4.96 3200 3.91 3.98 800 3.89 3.85 800
pH 6.5 4.02 4.68 1600 3.95 4.65 800 3.92 4.21 800
MgSO4 Free 3.96 3.75 3200 4.00 3.61 1600 4.05 3.78 1600
MnSO4 Free 4.40 2.14 800 4.48 2.49 0 4.37 2.91 0
Tween 80 Free 4.13 5.60 1600 3.99 4.16 0 4.00 4.10 0
1.0 4.02 4.68 1600 3.95 4.65 800 3.98 4.71 800
2 4.15 4.39 3200 4.16 6.28 800 4.07 6.12 1600
5 4.17 4.69 6400 4.21 6.48 1600 4.18 5.90 1600
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production (Table 4).
The changes in activity cannot be due to pH changes caused by
higher potassium levels, since all media were adjusted to pH 6.5
before inoculation. In the case of plantaricin UG1, 7.0 g/l K2HPO4
resulted in increased activity (Enan et al., 1996). The optimal level of
K2HPO4 recorded for plantaricin ST31 was between 2.0 g/l and 5 g/l
(Todorov et al., 2000). On the other hand, no difference in anti-
bacterial activity was recorded when L. plantarum ST194BZ was
grown in the presence of 2.0 g/l KH2PO4 and 2.0 g/l K2HPO4.
The presence of cyanocobalamin, thiamine or DL-6.8-thiocit acid
(0.002 g/l) did not affecting bacteriocin ST22Ch product, while L-
ascorbic acid had a negative effect on bacteriocin ST22Ch produc-
tion (Table 4). In the same experiments the cell growth was
comparable with the growth recorded in non-supplemented MRS
broth. In contrast, no effect of cyanocobalamin and L-ascorbic acidwas recorded for bacteriocins ST153Ch and ST154Ch production,
while thiamine and DL-6,8-thioctic acid reduced their production by
50% (Table 4). Bacteriocin ST8KF production was stimulated by
cyanobalamin and thiamine, but not by Leascorbic acid and DL-6,8-
thioctic acid (Powell et al., 2007).
Bacteriocin ST22Ch production was stimulated in the presence
10.0 g/l tri-ammonium citrate, compared to growth in absence or
5.0 g/l (Table 4). A similar effect of tri-ammonium citrate was found
for bacteriocin ST8KF production (Powell et al., 2007). In contrast,
production of bacteriocins ST153Ch and ST154Ch was repressed in
presence of 10.0 g/l tri-ammonium citrate but optimal production
was recorded in absence or 5.0 g/l (Table 4).
The production of bacteriocins ST22Ch, ST153Ch and ST154Ch
was stimulated in absence of MgSO4 from the MRS medium.
However, exclusion of MnSO4 had a negative effect on their
production (Table 4). Bacteriocin ST8KF production was reduced in
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Fig. 5. Effect of bacteriocins ST22Ch (-,-), ST153Ch (-D-) and ST154Ch (-B-) on the
growth of Enterococcus faecium ATCC 19433 over a period of 10 h. The control (-A-)
was growth of E. faecium ATCC 19443 in the absence of any bacteriocin.
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absence of MnSO4 (Powell et al., 2007). This suggests that MgSO4 is
required for the production of bacteriocins ST22Ch, ST153Ch and
ST154Ch.
Bacteriocin ST22Ch was produced at similar levels in MRS
broth within an initial pH range of 5.5e6.0 (3200 AU/ml). At
initial pH of the MRS medium of both 5.0 and 6.5, a 50%
reduction of ST22Ch was recorded. Much weaker growth was
recorded for this strain at pH 4.5 and this corresponded with
the lower bacteriocin ST22Ch production (Table 4). Production
of 800 AU/ml was observed for the bacteriocins ST153Ch and
ST154Ch in MRS media with initial pH of 5.0e6.5. Similar
bacterial growth for strains ST153Ch and ST154Ch was recorded
within this pH interval (Table 4). This suggests that initial pH of
MRS broth has no important role in the production of bacterio-
cins ST153Ch and ST154Ch. Similar results were reported for
other bacteriocins produced by L. plantarum (Daeschel, McKeney,
& McDonald, 1990; Kelly et al., 1996; Todorov & Dicks, 2005b;
Todorov et al., 2000). From these results and literature data
(Daeschel et al., 1990; Kelly et al., 1996; Todorov & Dicks, 2005b;
Todorov et al., 2000) it can be concluded that strains ST22Ch,
ST153Ch and ST154Ch may have potential for application in meat
preservation since they grow and produce their bacteriocins
within a wide pH ranges.
It has been recorded that exclusion of Tween 80 from MRS has
no negative effect on bacteriocin ST22Ch production (Table 4).
However, exclusion of Tween 80 is critical for production of
bacteriocins ST153Ch and ST154Ch (Table 4). These results are
disappointing, since Tween 80 free MRS medium is required for
most puriﬁcation protocols of bacteriocins involving HPLC puriﬁ-
cation steps. Higher levels of Tween 80 in MRS broth up to 5.0 g/l
stimulated production of bacteriocins ST22Ch, ST153Ch and
ST154Ch.
3.7. Mode of activity
E. faecium ATCC 19443 treatedwith bacteriocin ST22Ch (320 AU/
ml ﬁnal bacteriocin concentration) and bacteriocins ST153Ch and
ST154Ch (820 AU/ml ﬁnal bacteriocin concentration) was
completely inhibited over a period of 10 h (Fig. 5). The untreated
control increased from OD600 0.03 to 1.9 over the same period
(Fig. 5). The viable cell count of E. faecium ATCC 19443 on MRS agar
plates in bacteriocin treated samples was <100 CFU/ml. This
suggests a bactericidal mode of action for these 3 bacteriocins.
Similar results were reported for bacteriocins ST13BR (Todorov &
Dicks, 2004). Bacteriocins ST28MS and ST26MS, on the other
hand, repressed the growth of strain LHS for only 2 h (Todorov &
Dicks, 2005b).
3.8. Adsorption of bacteriocins ST22Ch, ST153Ch and ST153Ch to
producer cells
No activity of bacteriocins ST22Ch, ST153Ch and ST154Ch was
detected after treatment of 18 h-old cells of strains ST22Ch,
ST153Ch and ST154Ch with 100 mM NaCl. The activity was,
however lower than that recorded in the cell-free supernatant,
suggesting that bacteriocins ST22Ch, ST153Ch and ST154Ch do not
adsorb to the surface of the producer cells during fermentation. In
contrast, results reported for plantaricin C19 showed maximal
adsorption to the producer cells between pH 5 and 7, with complete
loss of adsorption at pH 1.5 and 2.0 (Atrih et al., 2001). In the case of
plantaricin ST31 (Todorov et al., 1999), pediocin ST18 (Todorov &
Dicks, 2005c) and bozacin B14 (Ivanova et al., 2000) no bacte-
riocin activity was recorded on the cell surface of the producer
strains.3.9. Biomolecular screening for presence of bacteriocin genes
Based on the performed PCR reactions targeting enterocin A,
enterocin P, sakacin P, sakacin G1 and sakacin G2 genes in the total
DNA of L. sakei ST22Ch, L. sakei ST153Ch and L. sakei ST154Ch,
positive results were obtained, pointing that this 3 strains carry
these genes in the genomic DNA. After sequence of the generated
amplicons, a 100% homology to the controls was obtained. After
screening for the presence of enterocin L50B gene, L. sakei ST153Ch
and L. sakei ST154Ch generated the PCR product with correspond-
ing size. However, after sequencing these PCR products, no simi-
larity to the targeted bacteriocin genes was register. In contrast,
sequence of the PCR product obtained by the positive controls
generated 100% similarity, as registered after BLAST. Similar
unspeciﬁc ampliﬁcation was recorded when we performed PCR
targeting enterocin B gene in L. sakei ST22Ch and L. sakei ST153Ch.
The ampliﬁed PCR corresponded to the targeted size and to the
positive controls, but after sequencing similarity to enterocin B
genes was not obtained. This underlines the importance of
sequencing of the PCR products for conﬁrming the identity of the
generated PCR products.
PCR products ampliﬁed with primer pairs targeting the curvacin
A gene in DNA from L. sakei ST154Ch were homologous to the genes
as described by Remiger et al. (1996). However, the same PCR
reactions were negative when DNA from L. sakei ST22Ch or L. sakei
ST153Ch was used.
4. Conclusions
Bacteriocins ST22Ch, ST153Ch and ST154CH have a narrow
spectrum of activity, are heat resistant and stable between pH 2.0
and 10.0, not adsorbing to the surface of the producer cell and are
produced at higher levels during the stationary phase of
S.D. Todorov et al. / Food Control 30 (2013) 111e121120fermentation in the presence of 2% (w/v) D-glucose. Different levels
of bacteriocins ST22Ch, ST153Ch and ST154Ch were produced in
presence of a combination of tryptone, meat extract and yeast
extract. This suggests that the 3 bacteriocins may be produced at
high levels during all phases of (fermented) meat processing. The
antibacterial spectrum of activity of these strains (ST22Ch, ST153Ch
and ST154Ch) indicates their potential for use in a mixed starter
culture for the fermentation of meat products. Further research on
their technological properties, safety and the production of speciﬁc
ﬂavour compounds is in progress.Acknowledgements
Svetoslav Todorov was supported by CAPES and CNPq, Brasilia,
DF, Brazil.References
Aasen, I. M., Markussen, S., Moretro, T., Katla, T., Axelsson, L., & Naterstad, K. (2003).
Interactions of the bacteriocins sakacin P and nisin with food constitutents.
International Journal of Food Microbiology, 87, 35e43.
Aasen, I. M., Moreto, T., Katla, T., Axelsson, L., & Storro, I. (2000). Inﬂuence of
complex nutrients, temperature and pH on bacteriocin production by Lacto-
bacillus sakei CCUG 42687. Applied Microbiology and Biotechnology, 53, 159e166.
Alves, V. F., Martinez, R. C. R., Lavrador, M. A. S., & De Martinis, E. C. P. (2006).
Antilisterial activity of lactic acid bacteria inoculated in cooked ham. Meat
Science, 74, 623e627.
Atrih, A., Rekhif, N., Moir, A. J. G., Lebrihi, A., & Lefebvre, G. (2001). Mode of action,
puriﬁcation and amino acid sequence of plantaricin C19, an anti-Listeria
bacteriocin produced by Lactobacillus plantarum C19. International Journal of
Food Microbiology, 68, 93e109.
Aymerich, T., Holo, H., Havarstein, L. S., Hugas, M., Garriga, M., & Nes, I. F. (1996).
Biochemical and genetic characterization of enterocin A from Enterococcus
faecium, a new antilisterial bacteriocin in the pediocin family of bacteriocins.
Applied and Environmental Microbiology, 62, 1676e1682.
Berthier, F., & Ehrlich, S. D. (1998). Rapid species identiﬁcation within two groups of
closely related lactobacilli using PCR primers that target the 16S/23S rRNA
spacer region. FEMS Microbiology Letters, 161, 97e106.
Bhunia, A. K., Johnson, M. S., & Ray, B. (1988). Puriﬁcation, characterization and
antimicrobial spectrum of a bacteriocin produced by Pediococcus acidilactici.
Journal of Applied Bacteriology, 65, 261e268.
Bogovic-Matijasic, B., & Rogelj, I. (1998). Bacteriocin complex of Lactobacillus acid-
ophilus LF221 e production studies in MRS media at different pH values and
effect against Lactobacillus helveticus ATCC 15009. Processes in Biochemistry, 33,
345e352.
Castellano, P. H., Holzapfel, W. H., & Vignolo, G. M. (2004). The control of Listeria
innocua and Lactobacillus sakei in broth and meat slurry with the bacter-
iocinogenic strain of Lactobacillus casei CRL705. Food Microbiology, 21, 291e298.
Chaillou, S., Champomier-Verges, M. C., Cornet, M., Crutz-Le Coq, A. M.,
Dudez, A. M., Martin, V., et al. (2005). The complete genome sequence of the
meat-borne lactic acid bacterium Lactobacillus sakei 23K. Nature Biotechnology,
23, 1527e1533.
Cintas, L. M., Casaus, P., Fernandez, M. F., & Hernandez, P. E. (1998). Comparative
antimicrobial activity of enterocin L50, pediocin PA-1, nisin A and lactocin S
against spoilage and foodborne pathogenic bacteria. Food Microbiology, 15,
289e298.
Daeschel, M. A., McKeney, M. C., & McDonald, L. C. (1990). Bacteriocidal activity of
Lactobacillus plantarum C-11. Food Microbiology, 7, 91e98.
De Man, J. C., Rogosa, M., & Sharpe, M. E. (1960). A medium for the cultivation of
lactobacilli. Journal of Applied Bacteriology, 23, 130e135.
De Vuyst, L., & Vandamme, E. J. (1994). Bacteriocins of lactic acid bacteria: Microbi-
ology, genetics and applications. London: Blackie Academic and Professional.
Du Toit, M., Franz, C., Dicks, L. M. T., & Holzapfel, W. H. (2000). Preliminary char-
acterization of bacteriocins produced by Enterococcus faecium and Enterococcus
faecalis isolated from pig faeces. Journal of Applied Microbiology, 88, 482e494.
Enan, G., Essawy, A. A., Uyttendaele, M., & Debevere, J. (1996). Antibacterial activity
of Lactobacillus plantarum UG1 isolated from dry sausage: characterization,
production and bactericidal action of plantaricin UG1. International Journal of
Microbiology, 30, 189e215.
Felske, A., Rheims, H., Wolterink, A., Stackebrandt, E., & Akkermans, A. D. L. (1997).
Ribosome analysis reveals prominent activity of an uncultured member of the
class Acinetobacteria in grassland soils. Microbiology, 143, 2983e2989.
Ferchichi, M., Frere, J., Mabrouk, K., & Manai, M. (2001). Lactocin MMFII a novel class
IIa bacteriocin produced by Lactococcus lactis MMFII, isolated from Tunisian
dairy product. FEMS Microbiology Letters, 205, 49e55.
Gálvez, A., Valdivia, E., & Abriouel, H. (1998). Isolation and characterisation of
enterocin EJ97, a bacteriocin produced by Enterococcus faecalis EJ97. Archives in
Microbiology, 171, 59e65.Heu, S., Oh, J., Kang, Y., Ryu, S., Cho, S. K., Cho, Y., et al. (2001). Gly gene cloning and
expression and puriﬁcation of Glycinecin A, a bacteriocin produced by Xan-
thomonas campestris pv. Glycines 8ra. Applied and Environmental Microbiology,
67, 4105e4110.
Holck, A. L., Axelsson, L., Hühne, K., & Kröckel, L. (1994). Puriﬁcation and cloning of
sakacin 674, a bacteriocin from Lacobacillus sakei Lb674. FEMS Microbiology
Letters, 115, 143e149.
Hout, E., Maghrous, J., & Barena-Gonzalez, C. (1996). Bacteriocin J46, a new bacte-
riocin produced by Lactococcus lactis subsp. cremoris J46: isolation and char-
acterisation of the protein and its gene. Anaerobe, 2, 137e145.
Hugas, M., Pages, F., Garriga, M., & Monfort, J. M. (1998). Application of the bac-
teriocinogenic Lactobacillus sakei CTC494 to prevent growth of Listeria in fresh
and cooked meat products packed with different atmospheres. Food Microbi-
ology, 15, 639e650.
Ivanova, I., Kabadjova, P., Pantev, A., Danova, S., & Dousset, X. (2000). Detection,
puriﬁcation and partial characterization of a novel bacteriocin substance
produced by Lactococcus lactis subsp. lactis B14 isolated from boza-Bulgarian
traditional cereal beverage. Biocatalysis, 41, 47e53.
Joerger, M. C., & Klaenhammer, T. R. (1986). Characterization and puriﬁcation of
helveticin J and evidence for chromosomally determined bacteriocin produced
by Lactobacillus helveticus 481. Journal of Bacteriology, 167, 439e446.
Kaiser, A. L., & Montville, T. J. (1996). Puriﬁcation of the bacteriocin bavaricin MN
and characterization of its mode of action against Listeria monocytogenes Scott A
cells and lipid vesicles. Applied and Environmental Microbiology, 62, 4529e4535.
Kelly, W. J., Asmundson, R. V., & Huang, C. M. (1996). Characterization of plantaricin
KW30, a bacteriocin produced by Lactobacillus plantarum. Journal of Applied
Bacteriology, 81, 657e662.
Keppler, K., Geisen, R., & Holzapfel, W. H. (1994). An aeamylase sensitive bacte-
riocin of Leuconostoc carnosum. Food Microbiology, 11, 39e45.
Klaenhammer, T. R. (1988). Bacteriocins of lactic acid bacteria. Biochimie, 70,
337e349.
Ko, S.-H., & Ahn, C. (2000). Bacteriocin production by Lactococcus lactis KCA2386
isolated from white kimachi. Food Science and Biotechnology, 9, 263e269.
Krier, F., Revol-Junelles, A. M., & Germain, P. (1998). Inﬂuence of temperature and
pH on production of two bacteriocins by Leuconostoc mesenteroides subsp.
mesenteroides FR52 during batch fermentation. Applied Microbiology and
Biotechnology, 50, 359e363.
Larsen, A. G., Vogensen, F. K., & Josephsen, J. (1993). Antimicrobial activity of lactic
acid bacteria isolated from sour doughs e puriﬁcation and characterization of
bavaricin A, a bacteriocin produced by Lactobacillus bavaricus MI401. Journal of
Applied Bacteriology, 75, 113e122.
Lee, N.-K., & Paik, H.-D. (2001). Partial characterization of lactocin NK24, a nowly
identiﬁed bacteriocin of Lactococcus lactis NK24 isolated from Jeot-gal. Food
Microbiology, 18, 17e24.
Lewus, C. B., Sun, S., & Montville, J. T. (1992). Production of an aeamylase sensitive
bacteriocin by an atypical Leuconostoc paramesenteroides strain. Applied and
Environmental Microbiology, 58, 143e149.
Mataragas, M., Metaxopoulos, J., Galiotou, M., & Drosinos, E. H. (2003). Inﬂuence of
pH and temperature on growth and bacteriocin production by Leuconostoc
mesenteroides L124 and Lactobacillus curvatus L442. Meat Science, 64, 265e271.
Mathiesen, G., Huehne, K., Kroeckel, L., Axelsson, L., & Eijsink, V. G. (2005). Char-
acterization of a new bacteriocin operon in sakacin P-producing Lactobacillus
sakei, showing strong translational coupling between the bacteriocin and
immunity genes. Applied and Environmental Microbiology, 71, 3565e3574.
Matsusaki, H., Endo, N., Sonomoto, K., & Ishizaki, A. (1996). Lantibiotic nisin Z
fermentative production by Lactococcus lactis IO-1: relationship between
production of the lantibiotic and lactate and cell growth. Applied Microbiology
and Biotechnology, 45, 36e40.
Meincken, M., & Todorov, S. D. (2009). Study the effect of bacteriocins on target cell
by atomic force microscopy, a new method for visualisation of the mode of
action. Trakia Journal of Sciences, 7, 28e32.
Mortvedt, C. I., Nissen-Meyer, J., Sletten, K., & Nes, I. F. (1991). Puriﬁcation and
amino-acid sequence of lactacin S, a bacteriocin produced by Lactobacillus sakei
L45. Applied and Environmental Microbiology, 57, 1829e1834.
Nel, H. A., Bauer, R., Vandamme, E. J., & Dicks, L. M. T. (2001). Growth optimization
of Pediococcus damnosus NCFB 1832 and the inﬂuence of pH and nutrients on
the production of pediocin PD-1. Journal of Applied Microbiology, 91, 1131e1138.
Nes, I., & Johnsborg, O. (2004). Exploration of antimicrobial potential of LAB by
genomics. Current Opinion in Biotechnology, 15, 1e5.
Noonpakdee, W., Santivarangkna, C., Jumriangrit, P., Sonomoto, K., & Panyim, S.
(2003). Isolation of a nisin-producing Lactococcus lactis WNC20 strain from
nham, a traditional Thai fermented sausage. International Journal of Food
Microbiology, 81, 137e145.
Powell, J. E., Witthuhn, R. C., Todorov, S. D., & Dicks, L. M. T. (2007). Characterization
of bacteriocin ST8KF produced by a keﬁr isolate Lactobacillus plantarum ST8KF.
International Dairy Journal, 17, 190e198.
Remiger, A., Ehrmann, M. A., & Vogel, R. F. (1996). Identiﬁcation of bacteriocin-
encoding genes in lactobacilli by polymerase chain reaction (PCR). Systematic
and Applied Microbiology, 19, 28e34.
Samelis, J., Roller, S., & Metaxopolos, J. (1994). Sakacin B, a bacteriocin produced by
Lactobacillus sakei isolated from Greek dry fermented sausages. Journal of
Applied Microbiology, 76, 475e486.
Schägger, H., & Von Jagow, G. (1987). Tricine-sodium dodecyl sulphate-
polyacrylamide gel electrophoresis for the separation of proteins in the range
from 1 to 100kDa. Annals in Biochemistry, 166, 368e379.
S.D. Todorov et al. / Food Control 30 (2013) 111e121 121Shillinger, U., & Lücke, F. K. (1989). Antibacterial activity of Lactobacillus sake iso-
lated from meat. Journal of Applied Bacteriology, 70, 473e478.
Simon, L., Fremaux, C., Cenatiempo, Y., & Berjeaud, J. M. (2002). Sakacin G, a new
type of antilisterial bacteriocin. Applied and Environmental Microbiology, 68,
6416e6420.
Sobrino, O. J., Rodriguez, J. M., Moreira, W. L., Cintas, L. M., Fernandez, M. F., Sanz, B.,
et al. (1992). Sakacin M, a bacteriocin-like substance from Lactobacillus sakei
148. International Journal of Food Microbiology, 16, 215e225.
Stiles, M. E., & Holzapfel, W. H. (1997). Lactic acid bacteria of foods and their current
taxonomy. International Journal of Food Microbiology, 36, 1e29.
Tichaczek, P. S., Nisen-Meyer, J., Nes, I. F., Vogel, R. F., & Hammes, W. P. (1992).
Characterization of the bacteriocin curvacin A from Lactobacillus curvatus
LTH1174 and sakacin P from L. sakei LTH673. Systematic and Applied Microbi-
ology, 15, 460e468.
Tichaczek, P. S., Vogel, R. F., & Hammes, W. P. (1994). Cloning and sequencing of sakP
encoding sakacin P, the bacteriocin produced by Lactobacillus sakei LTH673.
Microbiology, 140, 361e367.
Todorov, S. D. (2008). Bacteriocin production by Lactobacillus plantarum AMA-K
isolated from Amasi, a Zimbabwean fermented milk product and study of
adsorption of bacteriocin AMA-K to Listeria spp. Brazilian Journal of Microbi-
ology, 38, 178e187.
Todorov, S. D. (2009). Bacteriocins from Lactobacillus plantarumeproduction, genetic
organization and mode of action. Brazilian Journal of Microbiology, 40, 209e221.
Todorov, S. D., & Dicks, L. M. T. (2004). Partial characterization of bacteriocins
produced by four lactic acid bacteria isolated from regional South African barley
beer. Annals of Microbiology, 54, 51e61.
Todorov, S. D., & Dicks, L. M. T. (2005a). Optimization of bacteriocin ST311LD
production by Enterococcus faecium ST311LD, isolated from spoiled black olives.
Journal of Microbiology, 43, 370e374.
Todorov, S. D., & Dicks, L. M. T. (2005b). Lactobacillus plantarum isolated from
molasses produces bacteriocins active against Gram-negative bacteria. Enzyme
and Microbial Technology, 36, 318e326.
Todorov, S., & Dicks, L. M. T. (2005c). Pediocin ST18, an anti-listerial bacteriocin
produced by Pediococcus pentosaceus ST18 isolated from boza, a traditional
cereal beverage from Bulgaria. Process Biochemistry, 40, 365e370.
Todorov, S., Gotcheva, B., Dousset, X., Onno, B., & Ivanova, I. (2000). Inﬂuence of
growth medium on bacteriocin production in Lactobacillus plantarum ST31.
Journal of Biotechnology and Biotechnological Equipment, 14, 50e55.Todorov, S. D., Ho, P., Vaz-Velho, M., & Dicks, L. M. T. (2010). Characterization of
bacteriocins produced by two strains of Lactobacillus plantarum isolated from
Beloura and Chouriço, traditional pork products from Portugal. Meat Science, 84,
334e343.
Todorov, S., Onno, B., Sorokine, O., Chobert, J. M., Ivanova, I., & Dousset, X. (1999).
Detection and characterization of a novel antibacterial substance produced by
Lactobacillus plantarum ST31 isolated from sourdough. International Journal of
Food Microbiology, 48, 167e177.
Todorov, S. D., Rachman, C., Fourrier, A., Dicks, L. M. T., van Reenen, C. A., Prevost, H.,
et al. (2011). Characterization of a bacteriocin produced by Lactobacillus sakei
R1333 isolated from smoked salmon. Anaerobe, 17, 23e31.
Todorov, S. D., Van Reenen, C. A., & Dicks, L. M. T. (2004). Optimization of bacteriocin
production by Lactobacillus plantarum ST13BR, a strain isolated from barley
beer. The Journal of General and Applied Microbiology, 50, 149e157.
Todorov, S. D., Wachsman, M. B., Knoetze, H., Meincken, M., & Dicks, L. M. T. (2005).
An antibacterial and antiviral peptide produced by Enterococcus mundtii ST4V
isolated from soy beans. International Journal of Antimicrobial Agents, 25,
508e513.
Urso, R., Rantsiou, K., Cantoni, C., Comi, G., & Cocolin, L. (2006). Technological
characterization of a bacteriocin-producing Lactobacillus sakei and its use in
fermented sausages production. International Journal of Food Microbiology, 110,
232e239.
Van Reenen, C. A., Dicks, L. M. T., & Chikindas, M. L. (1998). Isolation, puriﬁcation
and partial characterization of plantaricin 423, a bacteriocin produced by
Lactobacillus plantarum. Journal of Applied Microbiology, 84, 31131e31137.
Vaughan, A., Eijsink, V. G., & Van Sinderen, D. (2003). Functional characterization of
a composite bacteriocin locus frommalt isolate Lactobacillus sakei 5. Applied and
Environmental Microbiology, 69, 7194e7203.
Verellen, T. L. J., Bruggeman, G., van Reenen, C. A., Dicks, L. M. T., & Vandamme, E. J.
(1998). Fermentation optimisation of plantaricin 423, a bacteriocin produced by
Lactobacillus plantarum 423. Joural of Fermentation and Bioengineering, 86,
174e179.
Vignolo, G. M., Dekairuz, M. N., Holgado, A. A. P. D., & Oliver, G. (1995). Inﬂuence of
growth conditions on the production of lactacin-705, a bacteriocin produced by
Lactobacillus casei CRL-705. Journal of Applied Bacteriology, 78, 5e10.
Yang, R., Johnson, M., & Ray, B. (1992). Novel method to extract large amounts of
bacteriocins from lactic acid bacteria. Applied and Environmental Microbiology,
58, 3355e3359.
